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J. Statement of the Problem

The waste producte from the manufacture and shell loading of munitions re-
presente a sgerious disposal problem for the Department of Defense., In the manu-
facture of TNT, the plant waeh weter containe quantitiee (50-100 ppm) of TNT; while
the waste from the Sellite Process contains TNT and the production iscmers cf THT.

It has been shown that these nitrobodies can be absorbed into an XAD2 column
and eluted from the XAD2 column with acetone {now in critical supply) cr cther
organic solvents. This treatment may be an effective solution to this waste disposal
problem in that it will generate a nitroboiy free effluent water. The VADZ2 csystem
is not destructive, therefore, it has not solved the problem of nitrobody dispocel,
but results in a concentrated waste which may be burned unless explosive dangers or
serlous air contamination problems are associated with the burning process. If
these nitrobodies are found to be biodegradable, they could be rendered ecologically
cafe by bioclogical treatment.

II. Backgrqggg

Recalczitrant moiecules have specific structural characteristics which prevent
microbial metabolism of the moleculeg, but at this time microbiologists are not
able to describe all of these structural characterlstics. It can be stated that
naturally occurring organic molecules are biodegredeble by some microbiel Iorm
whereas the truly recalcitrant molecules are found in broad classes of the synthetic
organic compounds. In nature, many compounds which are potentially bicdegradable,
are slowly degradable or totally undegradable becaus2 of their interacticn in the
goil or the influence of environmental factors.

In studies of nitrophenole, Raymond and Alexander (1) isolated a bacterium
able to metabolize p-nitrophenol and showed the avpearance of stoichiomeiric amounts
of nitrite in the medium and the formation of catechol. Tewfik and Evans (2)
demonstrated the biodegradation of 3,5-dinitro-o-cresol via reduction of the 3-nitre
grour to an amino group which is then replaced by a hydroxyl zioup. Ring fission
occurs after the formation of the trihydroxyl species. These observations clearly
indicate that substitution of nitro-groups to the benzene ring dces not necessarily
confer recalcitrance to the molecule.

P LN AT,

TR

One of the first serious studies of TNT bilodegradatioa by microsrganism was
reported by Csmon and Klausmeier (3). 1In their study they tested for degraiation
on agar containing 1% yeast ext. * and 1% glucose plus 100 mg/liter of TNT. Their
- messurement of degradetion was the loss of TNT from the medium which can only be
f congidzred e presumptive evidence of degradation. 1In no case were they able to
3 detect the disappearance of TNT in flaske containing only mireral salte and TNT.
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II. Backgrourd (continued)

A recent study by Won, Heckly, Glover and Hoffsommer (L) describes metatolic
dispositicn of TNT. Again they describe the disappearance of TNT but nave aleo
included in their media readily oxidizable eubstrate such as glucose (0.1%), and
yeast =xtract (0.5%). They have demonstrated oxygen uptake by crganism suspensions
in the presence of TNT. Analysis of culture filt:rates shows the conversion cf TWNT
to 2,2',6,6'-tetranitro-h, L' -azoxytoluene; 2,2',4,4" -tetranitro--6,6'-azc..toluene;
L-amino-2,6-dinitrotoluene; 2-amino-U-hydroxylaminotoluene; and 2-amino-k,6-dini-
trotoluene. None of these intermediates indicate biodegradation cf the TNT mclecule,
but oanly hiotransformation of the ring substituted nitrogen groups.

A review of the literature demonstrates that none of the other laboratcries
wecrking on INT degredstion have yet isolated an organism that will grow in a mineral
calts medium with TNT present as the sole source of organic carben and energy.
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ITT. teriale and Methods

A, Enrichment culture techniques.

Inocula for enrichment cultures have been obtaired from Narragansets Rey
gezdiments, University cf Rhode Ieland boiler plant effluert and raw csewage
obtained at the !nlet pipe of the University of Rhode Island treatment plant.
Tre basal medis used for enrichment isolations are described in Table 1.

For aerobic isoletions either M-9 or M-9(-N) were uced as enrichmert media.
In the anaerobic isolations, T (7) medium was used as it provided nitrete as an
electron acceptor.

Table 1. Minerel Salts Basal Media

Compouent M-9%* M-9(-N) Tk
NH,C1 (g) 1.0

NaoHPO, (g) 6.0 6.0 1
Kd2P0, (8) 3.0 3.0 0.5
NaCl (g) 5.0 5.0

MgS04 (g) 0.1 0.1 0.5
NE4NOz (g) 2.5
CaCls (mg) 20.0
FeS04 (mg) 1.0
MnSO,4 (mg) 0.01
Co(NO2)o 0.005
(NH, ) gMo7024 0.1
Distilled water (ml) 1000 1000 1000

*Reference 5
**Reference 7

In all isoclation: SO ml of medium containing 100 pg/ml of INT was used in 2
250 ml Erlenmyer flask or a 300 ml Bellco side-arm flask. These were inoculsted
with 0.1 g of sediment or 1.0 ml of liquid and incubeted at 25, 30 and BSOC on
gyrorotary shakers at 125 rpm. 'the primary enrichment culiures were incubated until
vigible turbidity developed, then 0.1 ml cf the primary culture wae transferred to
a fresn flask cof the same medium. When turbidity developed in the secondary enrich-
ment flask, the bacterisl population was streasked for isclation onto mineral zalts-
TNY medium solidified with 1.5% washed agar and the same medium supplemented with
0.01% Difco yeast extract. When indicated 0.01% yeast extract was included in the
primary and secondary enrichment flasks.
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The pure cultures cttained by this isolation scheme were inoculated at 105-10’4
viable celle per ml (80-100 Klett Units) into mineral salts broth containing 100
ug/ml cf TNT with or without 0.01% yeast extract supnlement. The growth respon:e
in this test flask was followed by turbidity measurement. in the Xlett-Summerson
proto-electric colorimeter using the No. 42 blue filter.

Anaerovic isolations have used only T medium, and 8ll incubaticns were carxrisd
out in a National Appliance Company, Model %64C anaerobic incubator using Np as
the inert replacement gas.

Enrichments from sevage and the initial sewage degradation studiecs were dors
in a continuous flow fermentor. ‘The fermentor vessel was charged with 250 ml of
double strength M=9 medium containing 100 ig/ml of TNT and 250 ml of raw sewage.
Aeration was set at 500 cc/minute and the incuvation temperature vas 509C.  This
mixture was allowed to incubate for 2 hours, then an M-9 + 100 ug/ml ©NT solution
was fed through the fermentor vessel at a rate of 2 ml/minute. At intervals,

0.1 ml of 10'5, lO'h and 1077 dilutions from the fermentor vezsel were pread
pleted cnto M-9 TNT wached agar with and without 0.01% yeast extract supplement.
Representative of each colony type ueveloping on the isolation plates were
selected and their growth recponse on TNT determined in liquid medium.

B. Analytical techniques.

Studies were performed on a gas chromatographic method for the cuantitation
of TNT but discontinued as we did not feel the valuez had good reprcducibility.
We have adopted a method using abscrbance at 22L nm in the Carey model 1l spec-
trophnotometer. A standard curve was prepared from the C.D. readings of varying
concentrations of alpha-TNT at 22k nm. The standard curve was prepared with
krown concentrations of TNT in petroleum ether and also with known concentrations
of TNT In mineral salts medium, extracted into petroleum ether.

Residual TNT in culture media has been determined by comparison to the stand-
2xd curve after different treatments of the culture. The bacterial cells vere
removad by centritfugation, then the clarified supernatant was extracted twice
with 25 ml of petroleum ether. The combined extracts were placed in g 100 ml
volumetric flask and diluted to 100 ml with petroleum ether. Fuxrther dilutions
of this extract were made as required to obtain readings within the range of the
standard curve.

A zecond method of quantification has involved lysis of the cells by treating
25 ml of the culture with 5 ml of concentrated HoS504. After lysis, the same
extraction procedure was used to determine residual TNT. The lysic procedurs was
designed to release any cell-bound TNT.

Thin layer chromatography has been used for the detection of THT and its
related nitro-arometic compounds. The support used in all these experiments was
Bagtmsrn Ne. 13179, 20X20 cm Silica Gel sheets without fluorescent indicetor.
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Developing Solvents:

a. Chloroform, Methanol, Glac. Acetic Acid, 80:20:1

b. Benzene, Hexane, Acetone, 50:50:10

Indicator Sprays:

a. 0.5% Fast Black in distilled water followed by 0.1 N Nuls

b. Ethylenediamine

Iv. Results
A. Aerobic enrichments:

A total of 57 aerobic enrichment cultures (Table 2) have been examined o
their ability to utilize TNT. Of these 57 isolates, only 19 isilates Lave pn-2ed
the first proof step which was increased turbidity upon inoculation int:z M-9 -
modified M-9 medium with TNT as the sole scurce of carbon. In some cases hhe
cultures passing the first proof step were mixed cultures which, when purified,
did not show a positive growth response. At this time, advanced gtudiee have
used isolate A25-T7-B-X-II (simplified code IIEX) and isolate ATWASN-1 (simpliried
code I-2).

B. Anserobic enrichments:

Repeated attempts at the isolaticn of TNT utilizing organisms under arserobic
conditicns from various inocula have failed to yield any isolates of interezt to
this study.

o Growth studies with isolate IIBX:

Figure 1 showz the typical growth response of isolate IIBX in M- medium
containing 100 ug/ml of TNT and 0.01% (100 pg/ml) yeast extrvact az a supplemert.
If yeast extrect was not present in the medium, there was no turbidity increac«
beyond the inoculum valie. This plot demonstrates that 0.01% (100 ug/ml) of
yzast extract will rot support growth of isolate IIEBX.

Murther evidence for the stimulatory nature of yeast estract is provided
in Table 3. Yeast extract at even 100 ug/ml doez not allow growth of the text
srganism, but in the presence of 100 pg/ml of TNT provides significantly bohler
growth thar lcwer concentrations of this supplement with TNT.

T T, AR I AT TR T VN ey 1Ty




e
:
)
m

Rale—ca

XEII sa% iS) II-X-g-L-G2¥ INT quswipey Asg
] oN s I-X-g-.-$av INT, quswtpag Leg
nw 30BIFXHE 935BIX
m oN S SAYO-€-L-Lav ‘PIOY OTIFTD “INT 1uaur;veg ABg
, OoN gs Jo-g-L-G2V PISY OTIFTD “INL JuauTpac Aeg
5 30BIQXNT 2383
m oK 1S FAYS-9-L-52V ‘eyBuTOONg ‘INL JuawIpag Aeg
E OoN 4s vo-g-L-Gev 23BUTOONS ‘INL Juswtpag Aeg
i paxIiw-sax ad qX-g-L~62¥ 10BIXE 35®aX ‘INL Juawipag Lag
] DOXTW-53% qd X-g-L-Gev INT juswrnag feg
i J0BIFXHT 33BIX
: oN ad HAYH-D-L-G2-V 93RUOTBN ‘INT TTOG UIPIBY
oN ad VW-D-L-:2-V 93BUOTBH ‘INL {105 uapIen
3OBIGXY 35BIX
ON 5d dAVS-D-L-G2-V ‘ageuroong ‘INL TTOS UapIBd
Ofl I vS-D-L-G2-v¥ 238UTOONG ‘INL TI0S usapIed
ON ad IBN-D-L-G2-V 2367,I8] ‘INT TTO5 uUdpIBd
O0BIYIXH 35BIX
oN HS dXTO-D-L-G3¥ ‘PTOY C°TIFTD “INT TTOS uUspIB)
oN s yo~o-L-62vy PIOY OTIZTD “INT TIOS uapIB)
oN ad 49X ~D-L-Gev 30BIINN 3583L “INT TIOg uUapIsh
oN id x-D-L-G2v INT TTOG uspasd
J3qumpy B a%E1g Jaqumy 3Ing3Tn) AwVGOHﬁom uogIB) 20.Incy )
pUB 1004 UOT }eT0sT umTnooul

*(8)23®I%33qNS {18 JULNOS £q €=2997/7C3T FUAWYOITIUH

~10-




il - g _J.J
1 m_
] ;
DSX M- 33% ac VISHLY 3oBIXT 583K ‘INL FUeTIFIY Se11og M
Of s S-III-5-¢-6¢ ING SIS FIH ISTTOE 1
_r oN 3s T-N-S-¢-6¢ INT WUSNTIIY I3TTOE m
v PaXTW-59% as e-N-s-¢-5¢ INT JusnTIIF IOTTOd M
POXTW- 55% e T-K-S-¢-6¢ INT JULNTIFT XSTTOH |
ox {s g-¢-62 30BIGXT 35B9% TN qusniyygd IeT1Tod :
w oN qs s-1-62 JoBI3XE 35BOL ‘ING 1108
: oN gs I-5-1-62 joBIyXT 35BSL ‘INT TTOS k
oN a8 II-5-7-$2 40BIIXT 958X ‘INT 1108 i
ON ad Ge-1-a NI jusurrpag Leg
M ON ad 6¢-1-0 INT quswipsg Aeg
ON ad ce-1-4 INT, quaurtpag Leg
m oN ad Ge-1-V INT quewtpag Aeg
] oN ad ¢e-1-a INT Juswipag Leg
ON CAS 6e-1-0 T juswipag Aeg
ON dd Ge-1-9 INL JUSWT P3G ABg
oN ad Ge-1-v INT, Jusuwtpag Aeg
OoN a5 AT-3X-9-L-C2V FOBIGXT 35RIL (TN, susulpeg Aeg
ST qs III-3X-9-L- 62V 3OBIIXT F¥EsX ‘ING 4usrrTpag Aeg
oN s 1T-35-9-L-G2V JORIGXT 83 ‘TN WUBUTDoS ABg
oN TS T-3X-9-L-G2V 408IIXT LEOL TN quswipsg £3g
ON G IIT-X-d-L-Cev N LAatmpsg Leg
L3qWaR qR'I 32T 44 IaqUVA SITGTNY (3)30.an0¢ UCQI=) 22INCG
puz Joo.L I UDTGETOST ety petaleTs oy

, Danujaune 2 Z1qEG




PO Rt ke

¥

2IN3INO YO035 UT POTIIBD = x

: Z0qUallIa ] SNONUTFUOD WLy = )
W }SBTJI UsuyoTIus AIBpUODSS WOLF = 9S8
i H5BTF JuaunprtIus Arewrxd woxF = 94
W m ¥P3359% 30N 0 6-NN-XS-6-S 30BIXY 358 ‘INL s88Mag
m m ¥D93593 30N 0 g-Nfi-XS-6-8 30BI3XY 358X ‘INL a8BMag
M ' ¥D923533 20N 0 .-NN-%8-6-5 1oBIIXE 35E3X ‘INJ a3BMag
m ¥53% 0 9-NN-%S-6-S 30BI3XY 35B3X ‘INT aBemag
: DOXTW- 489X 0 G-NO-XS-6-S 30BIgXY 35B9X ‘INE s8eMag
: #89% 0 f1-NN~%XS-6-8 308I3xg 358X ‘INI a3BMag
»39% 0 ¢-NN-XS-6-S 10BI3XT 359X ‘INL SELLSS

¥58% 0 2-NN-Xs-6-S 30BIIXY 358X ‘IN a8emag

f %39% 0 T-NN-X8-6-S 308IIXE 35€3L ‘INL agemnag
n #89% o MIQ-NO-X0-6-S INT oFenog
¥39% 0 Z2I-NN-XN-6-5 INT adensg

¥59% 0 G-NO-XN-6-S INL a8emag

PRV qs T-IIIBVSVMLY 308I3XY 35B3L ‘uNIL JuanTIFA I9TTCd

¥39% qS 2-¢ISVMLY 30BI9XE 35BSX ‘INT uaNTIFY I9TTOH

IMZ-1I x33X S T-NSVMLY 30BIIXY 38B3X ‘ING JuUSNTIIH ISTTOH

59 as T-¢ISVMLY 3OBIFXY 35BIX ‘INI JUSNTIFT IS9TTOH

poXTuW-S9% qS G2SHLY qoeIgXy 3589% INT JusnTIFH I2TTOH

poxXTW- 593 aS dTSHLY J0BIIXY 3562X ‘INT YUSTTFIT 12TTod

JIagqumy qu] a3wvlg Jaqumy aIngind Amvmohdom uoqIG) 30IN0G

pue JCOIg UOT38TOST umTnocut

panUITFUCD ‘Z 9TaBL
T PR i 1 Al e FORREREPRTeT

Con G b e




g

KLETT UNITS

KLETT UNITS

o
o

4 4
o

YEAST EXTRACT

r—vw - & +—A e

1 L L L L 1 . .

i 2 3 4q ) 6 T
TIME IN HOURS

Figure |. Growth of IIBX on TNT and yeast extract.

128 F

™F

Temperature °C

% TNT Used

—e 25 14
—a 30 15
o—o 3% 13
o—0 40 16
25 4 45 10
' 1 1 1 'l _}
| 2 3 4 5 6
HOURS

Figure 2. Effect of temperature on growth of IIBX on TNT and

percent degradation.
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Table 3. Effect of yeast extract concentration on growth of IIEX.

. Yeast Extract TNT Initiel Final

' (ng/ml) (ng/ml) Klett Units Klett Units

| 100 - 21 30
: g 50 - 20 22
; ! 10 - 1h 11 .
1 100 100 ko 1h2
§ 50 100 33 115

10 100 33 ST

The effect of tempsrature on the growth of the orgenism and disappearance of TNT
was investigated using isolate IIBX (Figure 2). Flasks of M-9 + yeast extract
(100 ug/ml) + TNT (100 ug/ml) were incubated at 25, 30, 35, 4O and 45C. There is an
incregsed growth rate and final cell density with each 5C increase in the incubation
temperature up to 4OC. The exponential growth phase ig shorter at 45C than at any
other temperature and the final cell density is lower. The percentage of the TNT
used at each temperature is not significantly different except for possibly USC,
vhich is the lowest percent utilization.

The relgtionchip tetween initial TNT concentration in the medium end the percent
TNT utilizetion is inversely related to TNT concentration (Table 4). This inverse
effect suggests either TNT inhibition or inhibition by metabolic products.

Teble 4, Relationship between subgtrate concentration and percent utilization.

TNT %TNT
ug/ml Utilized
25 bl

50 32
100 28

D. Growth studieg with isolate I-2WT and its mutants:

Tzolate I-2WD (Full ~ode ATWASN-1l) was obtained from the main boiler plant
effluent at the Universgity of Rhode Island. This organism was uged for growth
studies ag the wild type and after exposure to UV irradiation for 5, 10, 15 and 20
secondeg, the UV irradiated cells were plated on M-9 medium without yeasit extract for
| out growth. Figure 3 shods the growth response or the initial isclate (I-2WT) ard
the mutant obtained Ifrom the 5 second expcsure (I-2-5) on M-9 medium 3upplemented
with yeast extract, The % and 20 second mutants were grown in M-9 medium without

-1k~
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Figure 3. Growth of I-2WT and mutant [-2-5 on TNT.
250
i o
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Figure 4. Effec’ of ammonia and yeast extract on growth

of I-2-5 on TNT.
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yeast extract supplement. The growth responge of the 10 seccond mutant was essen-
tially the zame as the 5 second mutant and the 15 gsecond mutant was like that cf the
20 second mutent. The growth of the 5 second mutant (1-2-5) wae faster than the wild
type cr 20 sezond mutant and reached i greeter cell density.

Organism I-2-5 was used to determine the effect of ammonis and yeast extract on
the utilization of TNT. Figure 4 ghows that in the presence of yeast extract that o
glightly better final cell yield it obtained in the absence of ammonia in the medium.
Yeast extract is not required for the growth of I-2-5 but has a definite ctimulatory
effect.

The effect of varying TNT concentration on the growth response and percent TNT
utilization is shown in Figure 5. There ieg a direct relationship between substrate
cencentration and the amount of growth obtained -ilth I-2-5. Substrate concentraticn
is definitely limiting below 100 pg/ml, and at 25 ug/ml supporte very little growth
of the organiem. 1In this expe:iment the TNT served as both the sole source of carben
and nitrogen. With this isolate there is a direct relationship between substrate
concentration And percentage of TNT utilized as contrasted to isolate IIBX in which
there wac an inverse relationship.

E. Other growth and utilization studies:

Nine of the sewage isolates have been screened for growth on TNT (100 pg/ml) in
M-9(-H) with 0.01% yeast extraci as a supplement. The nature of the growth curves
for these isoletes is the same as those obtained with isolated I-2WT and IIEX, there-
fore, we will report only initial and final turbidity readings on these isolates
(Pable 5).

All nine isolgtes gave a good growth response in this series. There was no
essentigl difference in the growth rate of any of these isolates with the exception
of 5-9-SY-UN-1 and S-9-SY-UN-5 which had higher growth ratee and the greatest
increase in cell density.

Tgble 5. Growth of sewage isolates on M-9(-N) supplemented with 0.01% yeast extract.

lsolate K1etT ReadiIng RIetT ReadIng

Number 0 Hours 48 Hours
$-9-SY-TN-2 145 315
$-9-SY-UN-6 165 300
3-9-87-UN-1 135 410
$-9-SY-UN-5 125 k20
$-9-3Y-UN-3 135 305
3-9-5Y~UN-k 195 350
S$-9-UY-UN-12 140 300
3-9-UY-UN-DFW 125 280
$-9-UY-UN-5 185 335
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F. Metabolic studies:

Recults of respirometric studies “ndicate the .xidation of TNT by isolate LIBX
(Figure €£). Oxidation proceeded without a leg follow'ng the tip of organieme,
Turing the 30 minuves prior o the bresk, the Os consumptlon by isolate IIRX on TNT
was 34% greater than the endogenoue uptake. The oxygen uptake by the endogenous
control for the 3C minute pericd vas 25 pllters compared to 38 pliters by TNT. Sub-
tracting the endogenous value indicates a net oxygen uptake of 13 plitere cr 0.38
umcles of oxygen per 0.88 umoles (200 ug) of TNT in the Warburg flask. It is un-
likely that all the TNT was oxidized in this experiment, therefore it is possible
that 1 pmole of oxygen is taken up for each pnole of TNT oxidized. Thig data is not
conclusive since the armount of gas exchange is so low that a large margin for errcr
can exist. The amount of carbon dioxide evclved was extremely low and cculd not be
measured ancurately in this experiment.

An endogenous repression study wat performed by growing the cells on Ln-l“c

glucose to label the cellular recerve materials. The labeled cell suspension was
placed in phosphate buffer (0.01M, pHT.0) with and without TNT. Both flaske were
swept with air during metabolism to carry any produced carbon dioxid= into a
methanol-ethanolamine trap. The dpm for the test and control flask were the csame
(254 and 255) for the initial period of the experiment, indicating no represcion of
the endogenous metabolism by TNT, At 100 minute of incubation (after the oxygen
break in this experiment), there was an observed 35% greater COs evolution in the
absence of TNT than in ite presence incicating a 35% repression of the erdcgenous
metabolism by the presence of TNT. Since the repression occurs following the oxygen I
break, it would appear that calculations made prior to the breuk are valid. 1t does, ]
however, indicate an effect by TNT or its metabolic products on secondery metabolic i
events in isolate IIBX.

When (ring-UL-th) TNT tecame available, experiments were performed to determine ,
the fate of TNT. Isolates IIBX and I-2WT were grown in flasks of M-9 ngplemented ;
with TNT (100 ug/ml) and 0.01% yeast extract (Figure 7). TNT (ring-UL-i%C) at 6.4 a
x 10 dpm was added to each flask. The accumulative dpm collected as carbon dioxide k
are shown in thie plot. Table 6 shows the activity obtained in the filtrate after ]
420 minutes ircubation. The recovery of e as only 3.8% for isolate IIBX and 5.9%
for isolate I-2WT of the initial activity added to the flask. 1In the experimental
protouccl, the cells from the reaction flagk were recovered on g Millipore membrane
and the filtrate activity measured. The cells were then washed with a large volune
of water to remove any unmetabolized TNT which might have uttached to the cells.
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Table 6. TNT (ring-UL-th) distribution with IIBX and I-2WT growing on TNT in

M-9 medium.
Sample I1BX 1-cWy
dpm 4 Recovered dpm % Recovered
Activity Activity

Initial flack 6.4 % 108 6.4 x 10°
Firal Filtrate 2.1 x 10° 87.0 3.5 % 107 33.0
Cells 3.0 x 104 12.5 2.5 x 104 6.6
Accumulated COa 1.2 x 107 0.5 1.2 x 107 0.3

5 .5
Tctal Activity Recovered 2.k x 10 3.8 3,8 x 10- £.9

The measured wercent utilization of TNT by isolate IIBX in previous growth
systems has varied from 12-28% of an initial concentration of 100 .g/ml. The 13.0%
of the recovered label incorporated into the cells and released as carbcon dioxide in
this experiment by isolate IIBX is, therefore, at the lower range of TNT utilization
a2 cshown by the spectrophotometric method. In this experiment flask agitation was
not mechanicelly possible and aeration depended only on the alr sweep, thuc cutting
ﬁEe geration efficiency of the system below our normal value. It appears that tae

C values Tor isolate I-2WT are low when compared to utilization measurements by
the spectrophotometer. This he data indicates about 7% utilization versus the
£0-27% utilization by our standard method.

The experiment was repeated with two important modifications. The reaction vas
run for 22 hours in a shaker water bath, which slightly increased the aeration
efficiency of the system and NH4Cl wae not used in the medium. The results are
reported in Tauvle T.

Table 7. Percentage of labeled TNT metabolized by IIBX and I-2WT in ammonia-free

medium.
Sample IIBX I-2WT

dpm % dpm %
Initial Activity 1.3 x lO6 - 1.3 x lO6 -
Cells 2.1 x 1oh 9.6 2.6 x 10h 6.1
Filtrate 2.0 x 10°  89.3 3.9 x 105 93.1
¢0s 2.7 x 10° 1.2 5.5 x 107 .8
Tetal Recovered 2.2 x 10°  17.h k.2 x 10°  32.6

The percentage of the initial activity recovered in this experiment was low
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(17.4% for ITRX and 32.6% for I-2WT). We know from previous experiments that neither
isolate can utilize the majorit{uof the TNT in these batch culture systems. Also,
the aeration efficiency of the C apparatus is much lower than our normal growth
system, therefore, we expect a redvction in TNT utilizetion. The low percentsge
recovery of L C activity is due to the lose of TNT which has been absorbed to the
celle during incubzation and its removal by the vigorous wash of the cells. For this
reason it is logical to calculate percentages based on recovered activity rather than
initial activity. Current and future experiments will include counts of the wvesh
water to substantiate the fate of the "lcst" activity.

The data in Table 7 shows 9.6% upteke of recovered label bty the IIEX celle and
6.1% uptake by the cells of I-2WT grown on the labeled TNT. The trapped carbon
dioxide contained 1.2% and C.8% of the recovered activity. Since the TNT was
labeled only in the ring, any labeled carbon dioxide must result from cleavage of
the benzene ring. Thin layer chromatography examination of the labeled TNT doer
not detect any impurities in this preparation. This ~xperiment is not definitive
proof of ring metabolizm but is suggestive of ring fission and further experiments
are planned to confirm this activity. Werburg respirometric studies confirmed the
low level of carbon dioxide production by these isolates. Zmphasis will be placed
on the study of the cellular products as an indication of TNT utilization rather
than carbon dioxide evolution because of the low amounts of carbon dicxide released
in this system.

These organisms are required to obtain their carbon for growth only from TNT
vhich is present at low substrate levels (100 pug/ml). It is likely, therefore, that
moet of the metabolized carbon is used for the synthesis of cellular material. It
ic expected that in the course of metabolism, decarboxylations do occur in the over-
all metabolic process, which thould result in a net production of measurable amounts
of carbon dioxide. The low levels of carbon dioxide detected with these isolates
suggested that heterotrophic carbon dioxide fixation might be an important
phenomenon in this system (6).

To test this hypothesis, NaHClh03 was added to g culture of organism I-2-5
growing on unlgbeled TNT in the absence of NH4Cl. The inocula cells were grown on
p-hydroxybenzoate and nutr%ent agari The flask contained an excess of bicarbonate
(20 mg) carrying 1.59 x 10 dpm of ~ C activity. Carbon dioxide produced from the
7 metabolism of TNT equilibrates with the Clh bicarbonate added as an exogenous supply
i ’ in these experiments. Dilution experiments based on specific activity wculd be
required to determine the percentage contribution of each source of carbon dicxide.
The TNT concentration was 100 upg/ml or a total flask content of 5 mg. The cells
vere collected at the end of the growth period (22 hours) and counted for ~C
incorporation (Table 8). The cells grown in the presence of the labeled carbonate
incorporated 2.0% (2.2 x 10  dpm) of the activity or 0.4 mg of carbenate. The flask
contained 5 mg of TNT (22 ymoles) and chowed the fixastion of 9 umoles cf carbon

d dioxide or 41% heterctrophic carbon dioxide fixation. Previous experiments have

3 indicated that organism I-2-5 cnly utilized 60-70% of the TNT at a substrate

3 corcentration cf 100 pug/ml suggesting that the actual percentage of heterotrophic
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carbon dioxide fixation ie much higher. There was no esignificant difference in the
values cobtained in this experiment based upon the substrate used to grow the inoculum
celle.

Tavle 8. Heterotrophic carbon dioxide fixation by I-2-5.

Ssmple p-0OH Benzoate Grown Nutriznt Agar Grown
dpm % Kecovery dpm % Recovery
Initial NaHCOs 1.6 x 1o6 - 1.6 x 106 =
Cells 3.2 x th 2.0 3.5 x lOu 2.0
Filtrate 8.5 » lO5 53.0 1.0 x lO6 63.0
Total Recovery 8.9 x 10° 56.0 1.1 x 10° 65.0
Cells tased on Recovery - 4.0 - 3.0

Cells grown on TNT agar demonstrate a definite reddish-brown colorny color that iz
not apparent in nutrient agar grown cells of any of the isolates. Also, in liquid
medium this same reddish-brown color is apparent in the filtrate. The color is not
identical to the red color vhich developes in TNT media exposed to light. The th-
TNT experimente all indicate a significant incorporation of labeled cerbon from TNT
into the cell. The th incorporated from TNT could be as cellular componentsg,
accumulated TNT, partial degradation products of TNT or metabolic transformation
products of TNT. In an effort to determine the nature of the incerporated B¢ and
also the reddish-brown color described above, organism I-2-5 was grown on carrier TNT

with ring-UL-luC-TNT. After growth, the cells vere collected and counted for esctivity.

The dpm from a 25 ml aliquot of cells was 9840. The cclls from the remaining 25 ml
of the culture were lysed with S ml of concentrated HoSO4. The lysed cells were
extracted twice with 25 ml of petroleum ether, the extracts combined, evaporated to
dryness and resuspended in 1.0 ml of petroleum ether. The concentrated extract was
spotted (200 lambda) onto prewashed silica gel TLC plates and developed in Ben:iene:
Hexsne:Acetone (50:50:10), dried, and sprayed with ethylenediamine. A purple spot
vas obteined at an R.f of 0.80 which corresponded to 2,2',6,6'-tetranitro-L,kL'-
azoxytoluen= in our known mixture. In the killed cell control, the same spot was
found as well ag a second spot identified as alpha-TNT. The spots were remov-1 from
<he TIC plate and extracted into toluene, flor added and courted in the scintillation
spectrophotometer. The activities in the two spots of azoxy compound were L dpm

ard the TNT spot was 10 dpm. These low counts are not conclusive but indicate that
these components probably have no significance as the cellular incorporated k¢

(9840 dpm) from the labeled subsirate. Earlier experimente without labeled TNT have
indicated the same 2,2',6,6'-tetranitro-4, L' -azoxytoluene component in TNT grown cells
and sn additional pink spot at an Rf of 0.76 that does not correspond to any compound
in our reference mixture.
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7. Conclusions

Bl A T 5]
B b5

1. Bacteria have been isolated which can utilize 2,4,6-trinitrotoluene (T1T)
ag a cole sgource of carbon and aitrogen for growth. All isolates cbtained are frz
A

negative rods. Yeast extract (0.01%) ic stimulatory and is required for grow—h of
gll icclates, Mutants of isclate I-2WT do not require yeast extract tor growih buth

Cisal

1 are chimiluted by its addition. Colonies of the various isclates have been obtained
cn mineral salts medium containing 100 pg/ml of TNT, 0.01% yeas* extrect and

: E . d fied with 1.5% washed agar.

E 2. Using spectrophotometric analysis of TNT, it has been demcnstr=tod iihar *he

; g various isolates cause a 10-T2% disappearance of TNT from the growtl wedium. ‘re

; percentage of TNT utilized ic related to the initial substrate concerniraiiin in iz

growth medium.

3., Studies with lgbeled TNT (ring-UL-luC) have shown the incorprratici. cf
6-12% of the label into the cells and the release of 0.8-1.2% of the label sc carbon
dicxide. Since the TNT ie labeled only in the ring, this csuggests TNT ring clezvage
by the bacteria. It is concluded, therefore, that isolated IIBX and I-2WI may be
capable of TNT biodegradetioln.

L, Studies with NaHC*u03 demonstrate heterctrophic carbon dizxids fixetion by
organism I-2-5 growing on TNT. This isolate growing cn 22 pmeoles of WNT fixel 9
pmoles of carbon dioxide.

5. Preliminary experiments suggest that the th label from TNT metsbolicm
1

which ig incorporated intc the cell is not in the form of nitrcarcmelic compouirnas.
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